In Slovakia, soil acidification remains an environmental and forestry related issue despite a sharp decrease in the S0 2 . Recent monitoring of critical acid loads of Slovak forests show that around one third of Slovak forests are directly affected by acidification. In this situation, an increased biomass extraction from forests for energy generation purposes, considered by some decision-makers, poses a serious threat to geobiochemical cycles and may further aggravate the effect of the emissions on soils. In other parts of the country however, the drop in pH value means a soil degradation in sense of soil forming processes rather than in reference to forest production. This fact is also confirmed with the values of growing stock in Slovak forests, continually increasing since 1920.
JOURNAL OF FOREST SCIENCE, 52, 2006 (Special Issue): 23-27 Processes leading to the acidification of forest soils take place within a complex landscape framework determined by its geomorphology. Important determining factors are: composition and development of vegetation, soil-forming parent material, woody species composition, air pollution and variability of soil properties (KOČÍK 1995; KOČÍK, KULICH 2003) . We cannot omit the proper forest management method that is presents another factor of a paramount importance (KOBZA et al. 2002) . This is mainly the question of growing coniferous monocultures and phytomass extraction through harvesting (MACHAVA 2002) . At present, tendencies exist to remove from the forest not only logs but also branches and subsurface biomass (roots). However, the biggest amount of basic cations is accumulated particularly in these wood biomass components. Their removal from the stand by whole tree logging is connected with extraction of several tens or even hundreds kilograms of calcium, magnesium, potassium and other cations from the stand (MACHAVA 2001 (MACHAVA , 2003 . These alkaline constituents are locked out of the nutrient cycling; instead, they are exported together with the logged wood. In such a way, the steady-state biochemical cycles are impaired. The final result is acidification of the forest environment -together with all the consequences for the forest health condition.
Airborne pollutants -the cause of soil acidification
In the introduction we have shortly summarized three principal causes of soil acidification in Slovakia: coniferous monocultures, removal of basic cations connected with wood logging and input of acid components from the polluted air into the forest soil. In the following text, we will focus at airborne pollutants as the decisive factor causing soil acidification.
Situated in the centre of Europe, Slovakia has an unfavourable position, being heavy influenced with the long-range air pollution transport. Prevailing western and northwestern winds displace progressively increasing amounts of gaseous airborne pollutants with concentrations cumulated from the west coastal regions towards the Central Europe. Therefore, inputs of sulphates, nitrates and other acid components into forest ecosystems remain high, despite a considerable drop in domestic emissions: SO 2 from 550,000 t/year to 120,000 t/year (21% compared to 1990 levels) and NO x from 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 ths. ton/year SO2 NOx 245,000 t/year to 105,000 t/year (42% compared to 1990). The efforts meeting the UNECE Convention on long-range air pollution have resulted in the following reductions in the air pollution levels in Europe: sulphuric emissions by 60% compared to the year 1980, nitrogen oxides by 25% compared to 1990. Also in several other pollutants, the trend has turned to decreasing (Fig. 1) .
However, it is very important that the SO 2 fraction keeps on being the most significant component of the air pollution in Slovakia -in spite of existing prognoses about a possible overtopping with NO x -based pollutants in the forthcoming years. According to these predictions, NO x -based pollutants are expected to become the main acidification agent -as it is at present the case of industrial lands of Europe. There is also the high important fact that the national sources of pollution with SO 2 and NO x are overlapping in their territorial impacts (synergic and acidification effects of SO 2 and NO x ). In such a way, it is not difficult to specify, distinctly and easy, the heaviest affected territories in the Slovak Republic. Mean values of pH and elements concentrations in the precipitation are in Table 1 .
It is remarkable that the lowest acidity of precipitation (the highest pH values) has been found in the lowlands and hilly lands (pH = 4.8-5.8), in spite of their heaviest pollution in comparison with other land types. This is caused by massive fallout of alkaline dust -with origin either in carbonate eolic sediments (loess) or released in alkaline flying ash.
The lowland regions in Slovakia have also characteristic seasonal dynamics of sulphur concentration in precipitation, with a typical maximum in winter (Table 2 ).
In the mountain areas is the maximum of sulphate concentrations in precipitation shifted to the spring months (beech and spruce ecosystems). In beech ecosystems, also a secondary summer maximum is possible.
Deposition to broadleaved and coniferous ecosystems
The basic regularities in concentrations of the particular chemical components and in their deposition both to broadleaved, mainly beech, and coniferous (spruce) ecosystems are conspicuous. The situation in the Slovak Carpathians is summarized in Table 3 .
There is an evident change in the ratio between acid and alkaline components in precipitation water fallen through the crown canopy. The situation is different in the broadleaved and coniferous ecosystems. For example, in the beech ecosystems is the mean annual value of the ratio between acid and alkaline components in open area 170:100, in the throughfall we can see some increase in the alkaline component to 185:100. On the other hand, in the spruce regions was the alkaline/acid ratio in precipitation water collected in open area much more equilibrated (115:100), but the increase in alkaline component in the throughfall was dramatic (280:100). This fact reveals an immense infiltration effect of the crown layer in coniferous species, which, bearing the assimilation organs all over the year, trap from the atmosphere enormous amounts of acid aerosols. These aerosols are washed with precipitation, flushed into the soil, lower the alkalinity of the soil sorption complex and cause chemical degradation of the forest soils.
Vertical zonation of acid components of deposition
There is distinct vertical zonation in acid component deposition. In Slovakia, the maximum input was observed at altitudes 700-1,200 m (MIŠÍKOVÁ, ŠUBOVÁ 2003) . This is also true for agro-ecosystems, primarily mountain meadows and pastures but also for arable land. However, forests, namely coniferous ecosystems, with their large assimilatory area index, enhance this acidification effect considerably (Table 4) .
Recent monitoring of critical acid load to Slovak forests allows us to conclude about a drop in deposition inputs; however, still around one third of Slovak forests are directly affected by acidification (PIŠÚT, ŠUBOVÁ 2001) .
From the table it is evident that the input of acid components in the deposition (NO 3 -, SO 4 2-, F -, H + ) in kg/ha reaches its maximum in the zone of spruce forest stands. This is evidently true for the wider area of the Western Carpathians, which was confirmed with SO 2 concentrations in the atmosphere changing with altitude, having the maximum in the just mentioned altitudinal zone (ŠUBOVÁ 2003). The observed amounts of the particular components on the open plots (kg/ha/year) are: sulphate sulphur 33, nitrate nitrogen 10, fluorine 2.5, hydrogen protons 0.1, with pH approximately 4.8. In the spruce forests stands, were found the following corresponding amounts: 59, 13, 1.9 and 0.7, entering the forest soils in drip and throughfall. The average pH value of precipitation is 4.0. In this zone occurs the most severe acidification of soils -which was already detected in the 1980's. The pH values of cambisols in this zone, originally between 4.0-5.0, are at present decreasing up to 3.5 in the range of genetic depth (± 50 cm). The corresponding soil profiles maintain their cambisol-specific morphology, however, with features of a rather podzol-like dynamics. On localities that have a catena character is formed a distinct altitudinal gradient reflecting the increasing precipitation acidity. The average change in pH values over this gradient is 0.32 per 100 m (MACHAVA 2002) .
The pH values of stem-flow water on spruce reach 2.1-4.5, with an annual mean of 2.9. In the beech stands, where the stem-flow amount represents about 10% of the precipitation in open area, the acid zone develops on the high-stem-flow side of trees growing in soil with low pH values (about 3.5). However, the excessive acidification connected with the stem-flow decrease with increasing distance from the stem; in general, at a 3m distance no impact can be identified.
Effects of deposition input on soils
Acid components in deposition of airborne pollutants to soil cause the well-known soil acidification. The soils at altitudes 700-1,200 m a.s.l. manifest podzol-like dynamics in their chemistry, in spite of the fact that the morphology of their profile corresponds to brown forest soils (cambisols). These processes are especially conspicuous in the neighbourhood of tree stems where pH values in the stemflow decrease below pH = 3, in conditions of our mountains and spruce stands, not rarely even to 2.6. However, it is necessary to notice that this drop in pH values means the soil degradation more understood from the viewpoint of soil forming processes that from the viewpoint of production. This fact is also confirmed with the values of growing stock in Slovak forests, continually increasing since 1920. There is the steepest increase beginning with the year 1960, connected with manifestation of the first results of intensive industrialization running in the Slovak Republic and neighbouring lands after World War II. In this period, that means from 1960 to 2000, was in our country recorded an increase in the growing stock without bark by 150 mil./m 3 , i.e. from 260 to 410 mil./m 3 that is 158% compared to the state in 1960.
CONCLUSIONS
Situated in the centre of Europe, Slovakia has a very unfavourable position, due to permanent heavy load with air pollutants. Prevailing western and north-western winds bring from the industrial centres in west Europe towards the eastern parts of the continent masses of air with increasing concentrations of pollutants, primarily SO 2 and NO x , cumulated from other pollution sources during the transport. This cumulative effect has a considerable impact on chemical degradation of soils that become, in such a way, the "final station" of various airborne pollutants. Consequently, in spite of a significant drop in production of inland airborne pollutants by 2000, with the values of SO 2 lowered by 21% and NO x lowered by 42% compared to 1990, the degradation of soil-forming processes in our forest soils is still in progress. Nevertheless, this fact is not reflected on the forest ecosystems production showing a continual increasing tendency since 1920, i.e. since the time of the first accessible data.
The amount of acid components in the bulk deposition is evidently dependent on the altitude. The biggest inputs of acid materials into forest ecosystems are between 700-1,200 m a.s.l., that means over the range in which spruce reaches the highest share in the tree species composition. Recent monitoring of critical acid load to Slovak forests showed that around one third of Slovak forests are directly affected by acidification.
